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Experimental
We study the oxidation mechanism of 2-hydroperoxy-2-methylpentane. The reader is referred to the main article for an overview of the method.
Synthesis
2-hydroperoxy-2-methylpentane is synthesized and purified as described in the main article. The compound is characterized by NMR (see Figure S1 ) and HR-ToF: 1 Figure S1 . NMR spectra of 2-hydroperoxy-2-methylpentane: A) 1 H NMR (400 MHz, CDCl3); B) 13 C NMR (100 MHz, CDCl3) The branching ratio in the reaction of RO2+HO2 to yield the hydroperoxide (BRROOH) is assumed to be unity and BRRONO 2 is calculated as described below.
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RO2 lifetime calculation
Calculation of BRRONO 2
The branching ratio of the HPN resulting from reaction of NO with the hydroperoxy RO2
cannot be derived in a robust manner using the data. This is due to uncertainty related to the abstraction of the hydroperoxy hydrogen (ROO-H), which likely constitutes a significant reaction channel in the oxidation of 2-hydroperoxy-2-methylpentane by OH. Thus, we use the parameterization of Teng et al. to calculate the branching ratio to form HPN, 6 with corrections applied for β-hydroperoxy and tertiary RO2 consistent with the recommendations of Wennberg et al. 5 Accordingly, BRRONO 2 is given by:
Where N is the number of heavy atoms excluding the peroxy moiety. For the hydroperoxysubstituted RO2, there are 10 heavy atoms (N = 10 -2 = 8) and the nominal BRRONO 2 = 0.25 ± 0.08 at 296 K (0.19 ± 0.06 at 318 K all collisions lead to quantifiable product ions. 9 The dipole moments and polarizabilities of closedshell products are calculated using density functional theory (B3LYP/6-31+G(d)). Due to the dependence of the dipole moment on structural conformation, we use a weighted average of the located conformers. In contrast, the polarizability does not exhibit a large conformational dependence and the determination is based on the lowest energy conformer. These properties for species derived from the 2-hydroperoxy-2-methylpentane system are given in Table S1 .
As our estimation of [NO] uses a ratio of production rates (
), the ratio of the calibration factors is also required. The ratio used is an average of the factors for the 2,3 and 2,4
HPN and the 2,3 and 2,4 ROOH. As discussed above, the production rate of H2O2 is used to estimate [HO2] and thereby bimolecular . The efficiency of CF3O -clustering with H2O2 is affected by water vapor, and the method described by Praske et al. was adopted to account for this effect.
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In general, the growth rate of water vapor in our chamber experiments was significantly slower than those reported in Praske et al. due to the use of a dry air purge inside the chamber enclosure.
Thus, the corrections for water vapor that were applied resulted in only minimal changes to [HO2]. b This value is based on a recent calibration for glycolaldehyde and differs from that reported in Praske et al. 2 Multiple calibrations for various species demonstrated similar increases in sensitivity presumably due to slight differences in the instrumental configuration. Adequate separation of the RONO2 is achieved and peak fitting is performed by using an Exponentially Modified Gaussian (EMG) function adapted from MATLAB code by Dr. Tom O'Haver. 10 The peak parameters are fixed and do not vary between experimental runs. A sample S12 output of the fitting algorithm is shown in Figure S2 and Figure S3 . The later eluting isomers exhibit longer tailing and the EMG time constant is adjusted accordingly. All parameters are chosen by minimizing the residuals between the EMG function and the data.
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Chromatography
Uncertainty
Experimental uncertainty can be divided into three main categories: estimation of τ bimolecular , instrument calibration factors, and chromatography. The uncertainty is characterized in a manner similar to that described in Praske et al. and only a brief description is given here. 2 In accordance with the method used to calculate τ bimolecular , we use the observed production rates of hydroperoxides and organonitrates. Linear least-squares fits are used to derive the production rates and we include the 1σ error in the slope. Recommended rate coefficients are also used in the estimation of τ bimolecular and these carry associated uncertainty. 4, 11 Finally, calibration factors are assigned a default uncertainty of ±30%. Table S2 . Bootstrap results expressed as % uncertainty of measured RONO2 isomer ratios resulting from the peak fits. The chromatographic uncertainty in the peak fitting algorithm is summarized in Table S2 .
These values are determined according to a bootstrap method. Two chromatograms are selected for the bootstrap; one is representative of the large signal commonly observed in short lifetime experiments (τ bimolecular < 20 s) and another is representative of the small signal observed in S13 long lifetime experiments (τ bimolecular > 20 s). The bootstrap varies the default peak shape parameters (e.g. in Figure S2 ) by ± 40% over 10,000 fitting trials. The peak width and tailing factors are expected to be correlated and thus, these parameters are co-varied in the trials. The 1σ error of the resulting peak area ratios is expressed in Table S2 .
The data points displayed in Figure 3 and Figure 4 carry the aforementioned chromatographic uncertainty as well as uncertainty in τ bimolecular . The best fit, used to derive the experimental rate coefficients in Table 3 , is determined by a weighted least squares fit to the data (see Figure S4 -S5). The sum of squares is given by:
Where 2 represents the point-wise variance and − � denotes the residual between the data points and the model. In order to characterize uncertainty in the experimental factors, a Monte
Carlo simulation is conducted. 5,000 synthetic data sets are generated by varying the data points within their respective range of uncertainty and the least squares approach is again adopted to determine the best fit in each of these data sets. The error bounds given in Table 3 represent the full range of values that afforded best fits in the synthetic data sets.
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Best fits
The kinetic model, which employed the calculated rate coefficients in Figure 3 and Figure 4 , was used to determine the best fit to the experimental data using the weighted least squares procedure described in previous section. The results that afforded best fits are shown in Figure S4 and Figure   S5 . Figure S4 . Experimental data used to constrain the α-OOH 1,5 H-shift at 296 K (black squares) and 318 K (red circles). Best fits are shown at 296 K (solid black line) and 318 K (dashed red line). These fits were used to determine the experimental rate coefficients displayed in Table 3 . Figure S5 . Experimental data used to constrain the α-OH 1,5 H-shift at 296 K (black squares) and 318 K (red circles). Best fits are shown at 296 K (solid black line) and 318 K (dashed red line). These fits were used to determine the experimental rate coefficients displayed in Table 3 .
Rapid H-shifts
An experimental constraint on the forward rate coefficients (kf) of the rapid H-shifts of hydroperoxy hydrogens (ROO-H) is provided by experimental data collected at very short lifetimes at 296 K. These data are displayed in Figure S6 for the 2,3 RO2. For the 2,4 RO2, we were unable to demonstrate a decline in the 2-methyl-2-peroxy-4-hydroperoxy isomer and therefore only provide a lower bound estimate of kf >10 4 s -1 .
A chromatogram collected after oxidation at very short lifetimes is shown in Figure S7 .
This chromatogram provides further confidence in our assignment of nitrates, as the tertiary nitrate of the 2,3 HPN, and secondary nitrate of the 2,3 HN, disappear. While the tertiary nitrate appeared to decrease in the 2,4 HPN, this was not substantiated in the 2,4 HN. Thus, we were unable to reliably determine kf and therefore only provide a lower bound. S16 Figure S6 . Experimental data used to constrain the rapid 1,6 RO2 H-shift of the hydroperoxy hydrogens (ROO-H) in the 2,3 RO2 at 296 K. The best fit (red line) is shown and is used to determine the experimental forward rate coefficient displayed in Scheme 2. Figure S7 . Chromatograms following oxidation of the substrate at ~ 5 x 10 -5 s (black) and ~ 2 x 10 -2 s (red). Shown are the HPN (top) and HN (bottom). The 2,3 RO2 fail to achieve equilibrium at ~ 5 x 10 -5 s, as demonstrated by the loss of the second HPN peak and the first HN peak. Retention times and peak shapes differ presumably due to slight differences in the instrumental configuration (the very short lifetime experiment was performed several months after the initial experiments). The signal has been normalized to the 
Computational
Multiconformer Transition State Theory (MC-TST) is used to calculate the rate coefficients in this work. [12] [13] [14] [15] The reader is referred to the main article for an overview of the method.
Tunneling
The 1D Eckart tunneling correction is used in our calculations. 16 The Figure S8 . The RO2 formed following OH-initiated oxidation of 2-hydroperoxy-2-methylpentane. The atom numbering used for naming the compounds is shown in red on 2-hydroperoxy-2-methylpentane.
The reaction of 2-hydroperoxy-2-methylpentane with OH gives rise to multiple alkyl radicals (see Figure S) . OH abstraction at the primary centers (C1 and C5) is expected to account for only a minor fraction of the total reactivity. 17 Abstraction at C3 and C4 leads to two RO2 that we refer to as 2,3-MHP and 2,4-MHP. Under this naming convention, the first number is the position of the hydroperoxy group and the second is the position of the RO2. Abstraction of the hydrogen atom in the hydroperoxy group leads to a monofunctional RO2, which we refer to as 2-MP. We consider the possibility that the alkyl radicals undergo H-shift chemistry prior to O2
addition. The alkyl radical preceding 2,4 MHP formation is investigated in order to rule out a fast S19 H-shift proceeding by abstraction of the hydroperoxide hydrogen (ROO-H 
OH-Initiated Oxidation of 2-hydroperoxypentane
As a theoretical complement to the 2-hydroperoxy-2-methylpentane calculations, we studied some of the reactions following OH-initiated oxidation of 2-hydroperoxypentane (see Figure S12 ). Figure S12 . The RO2 formed following OH-initiated oxidation of 2-hydroperoxypentane. The atom numbering used to name the peroxy radicals is shown in red on 2-hydroperoxypentane.
Abstraction by OH at C2, which yields 2-pentanone, is likely the major reaction but is not of interest here. The most important peroxy radicals in our study are the 2,3-and 2,4-HP, as abstraction at C1 and C5 is expected to be minor. The abstraction of the ROO-H likely comprises S24 a significant part of the branching ratio, but the reactions of the resulting peroxy radical are not studied here. Since both 2,3-HP and 2,4-HP have two chiral centers, a total of four diastereomers are produced. We have studied the S,R and S,S diastereomers. The enantiomers are expected to have identical reactivities. The possible H-shift reactions of 2,3-HP are shown in Figure S13 . Table S3 . In Figure S14 we show the H-shift reactions of 2,4 HP leading to the formation of a ketone. The rate coefficients of the 1,5 H-shift are shown in Table S . Table S4 . The rate coefficients calculated at 320 K warrant a higher value for the cutoff after B3LYP optimizations to keep the cutoff at a constant value of kBT, but the error induced by this is likely negligible in the temperature range studied. The expressions in Table S4 and Table   S5 yield rate coefficients within 2% of the calculated MC-TST values. Rate Constants at the ωB97X-D/aug-cc-pVTZ level of theory at 298.15 K
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In addition to the rate constants presented in the main manuscript and above (which are calculated using ROHF-ROCCSD(T)-F12a/VDZ-F12//ωB97X-D/aug-cc-pVTZ), we here report the rate constants calculated using ωB97X-D/aug-cc-pVTZ. 
